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(57) ABSTRACT 
A method and system for dividing tagged items into Subsets. 
A region is split into Subregions. For each Subregion, a 
central tagged item having more adjacent tagged items in 
each Subregion than any other tagged item in each Subregion 
is determined, utilizing information that includes, for each 
tagged item in the region, a spatial location of each tagged 
item and a list of all other tagged items which are adjacent 
to each tagged item by being within a specified constant 
distance (Rlimit) from each tagged item. A virtual boundary 
is outlined around the central tagged item to enclose the 
central tagged item and a portion of the tagged items in each 
Subregion which are adjacent to the central tagged item. The 
portion of the tagged items in each Subregion consists of all, 
or less than all, tagged items which are adjacent to the 
central tagged item in each Subregion. 
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DIVIDING TAGGED ITEMIS INTO SUBSETS 

0001. This application is a continuation application 
claiming priority to Ser. No. 12/336,594, filed Dec. 17, 2008. 

FIELD OF THE INVENTION 

0002 The present invention relates in general to the field 
of Pallet Management System (PMS) and packaging supply 
chain logistic, and more particularly to a system and method 
for determining Radio Frequency Identification (RFID) 
items located in a delimited volume. 

BACKGROUND OF THE INVENTION 

0003. When faced with the complexity of item inventory, 
independently of the business sector, today's warehouses 
have a common objective of making their packaging Supply 
chain logistic more robust and more efficient. They have to 
monitor efficiently the items visibly and keep track of the 
movements of numerous items before being assembled at 
the case and palletized. 
0004 Furthermore, a major objective of the packaging 
Supply chains logistic is to be able to locate and account for 
item assets throughout their life cycle and provide transac 
tion visibility across logistic systems. Transaction visibility 
provides an organization with timely and accurate informa 
tion on the location, movement, status and identity for 
improving the overall inventory process. Consequently, for 
achieving such a process performance most of the organi 
zations must also consider how pallet loads created at the 
warehouse, especially rainbow pallets (pallets of mixed 
products), will be properly identified and tagged and finally 
tracked. Generally, to meet these objectives, today’s pack 
aging Supply chains use the Radio Frequency identification 
(RFID) capabilities for optimizing the performance of their 
overall inventory process. The RFID technology suits the 
process automation as well as the Volume production and 
matches various business expectations in sectors where 
numerous items need to be identified by type or/and by 
physical characteristics and other differentiating parameters. 
0005. Even if there are various RFID possibilities avail 
able today for monitoring a packaging Supply chain, one 
difficulty resides in identifying heterogeneous tagged items 
in large areas such as factory or distribution yard at the same 
time, ensuring that the reading of each tagged item avoids 
reader collision. A reader collision appears when a signal 
from one reader interferes with the signal from another 
reader. 
0006. It is also desirable for an organization to implement 
a robust technique for tracking pallet/case inventories either 
discretely (i.e. all pallets/cases IDs are recorded and aggre 
gate quantities identified) or more simply quantity by type 
and to easily identify the content of each pallet either in bulk 
or as unique IDs. 
0007 Independent of the technique, a major concern 
resides when an organization needs discriminating among a 
large variety of heterogeneous tagged items already placed 
on the pallets/cases or not, namely the tagged items that have 
identification parameters allowing a reader to aggregate 
them according to their geographical location. 
0008. Usually a reader expects to read tagged items 
confined in a given Volume. The given volume, most of the 
time, represents the Volume of the cases stacked on a pallet. 
Despite the tuning of the reader, the reading of the infor 
mation on multiple tagged items that are located inside a box 

Jul. 6, 2017 

or package can be polluted by the unexpected tagged items 
located in a close proximity also answering to the reader 
request and therefore introducing errors. 
0009. It is also desirable to ensure that a reader is capable 
of collecting the identification parameters from a series of 
tags that are assembled together, whether in a box or in a 
package by avoiding multiple readings as well as by pre 
venting reading collisions. 
0010. Another concern is ensuring that the reading is not 
affected by close proximity of tags responding to the reader 
thereby generating undesirable electromagnetic radiation to 
the queried tag. 
0011. A technique that is generally adopted for discrimi 
nating tagged items in a delimited vicinity is the use of 
sophisticated RFID directional antennas in combination 
with tags that are especially designed to have a high gain in 
controlled environment and orientation (i.e. squiggle tag or 
12 tag). Unfortunately, the use of Such technique does not 
avoid the undesirable radiation of the adjacent tags affecting 
the tag answering to the reader. 
0012 To summarize, prior art tools and methods present 
several drawbacks as follows. 
0013 Existing tools and methods do not allow a pallet 
management system to identify efficiently aggregated 
tagged items in a delimited vicinity. 
0014 Existing tools and methods do not offer the possi 
bility of reading a series of tagged items that are assembled 
together in a predefined volume, whether in a box or in a 
package, in cases or/and pallets. 
00.15 Existing tools and methods do not allow a supply 
chain to identify a list of tagged items that are located in a 
delimited vicinity by reading a tag once. 
0016 Existing tools and methods do not minimize the 
reading collision when discriminating a unique tagged item 
that is close to a series of adjacent tags in the same case 
and/or pallet. 
0017 Exiting tools and methods using sophisticated 
REID directional antennas in combination with tags espe 
cially designed to have a high gain in controlled environ 
ment and orientation do not eliminate efficiently reading 
collision. 
0018. As mentioned above, the known solutions are not 
fully appropriate to identify aggregated tagged items in a 
delimited vicinity by avoiding reading collision due to the 
close proximity of tagged items. 
0019. Furthermore, the existing tools and methods do not 
allow a reader to get in one shot the identification of a list 
of tagged items that are considered as adjacent by the reader 
when scanning pallets/cases all along the packaging Supply 
chain process. 
0020. The present invention offers a solution to solve the 
aforementioned problems. 

SUMMARY OF THE INVENTION 

0021. The present invention provides a method for divid 
ing a set of tagged items into Subsets, each tagged item being 
tagged with a passive Radio Frequency Identification 
(RFID) tag, said method comprising: 
0022 instructing a MD reader to poll the RFID tags of all 
tagged items in a specified region having fixed boundaries to 
generate information comprising, for each tagged item in the 
region, a spatial location of each tagged item and a list of all 
other tagged items in the region which are adjacent to each 
tagged item by being within a specified constant distance 
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(Rlimit) from each tagged item, said region being entirely 
within a communication range (Rrange) of the REID reader; 
0023 splitting the region into a plurality of subregions; p 
determining for each Subregion a central tagged item having 
more adjacent tagged items in each Subregion than any other 
tagged item in each Subregion, said determining for each 
Subregion the central tagged item utilizing the generated 
information; and 

0024 outlining a virtual boundary around the central 
tagged item to enclose the central tagged item and a 
portion of the tagged items in each Subregion which are 
adjacent to the central tagged item by being within the 
specified constant distance (Rlimit) of the central 
tagged item, said virtual boundary defining a Subset of 
the set of tagged items for each Subregion as compris 
ing the central tagged item and all other tagged items 
within the virtual boundary, wherein the portion of the 
tagged items in each Subregion consists of all, or less 
than all, tagged items which are adjacent to the central 
tagged item in each Subregion. 

0025. The present invention provides a computer pro 
gram product comprising a computer usable storage medium 
having a computer readable program code embodied in the 
medium, said program code configured to be executed on a 
processor of a computer system to perform a method for 
dividing a set of tagged items into Subsets, each tagged item 
being tagged with a passive Radio Frequency Identification 
(RFID) tag, said method comprising: 
0026 instructing a RFID reader to poll the RFID tags of 
all tagged items in a specified region having fixed bound 
aries to generate information comprising, for each tagged 
item in the region, a spatial location of each tagged item and 
a list of all other tagged items in the region which are 
adjacent to each tagged item by being within a specified 
constant distance (Rlimit) from each tagged item, said 
region being entirely within a communication range 
(grange) of the RFID reader; 
0027 splitting the region into a plurality of subregions; 
0028 determining for each Subregion a central tagged 
item having more adjacent tagged items in each Subregion 
than any other tagged item in each Subregion, said deter 
mining for each Subregion the central tagged item utilizing 
the generated information; and 
0029 outlining a virtual boundary around the central 
tagged item to enclose the central tagged item and a portion 
of the tagged items in each Subregion which are adjacent to 
the central tagged item by being within the specified con 
stant distance (Rlimit) of the central tagged item, said virtual 
boundary defining a Subset of the set of tagged items for 
each Subregion as comprising the central tagged item and all 
other tagged items within the virtual boundary, wherein the 
portion of the tagged items in each Subregion consists of all, 
or less than all, tagged items which are adjacent to the 
central tagged item in each Subregion. 
0030 The present invention provides a system for divid 
ing a set of tagged items into Subsets, each tagged item being 
tagged with a passive Radio Frequency Identification 
(RFID) tag, said system comprising: 
0031 means for instructing a RFD reader to poll the 
RFID tags of all tagged items in a specified region having 
fixed boundaries to generate information comprising, for 
each tagged item in the region, a spatial location of each 
tagged item and a list of all other tagged items in the region 
which are adjacent to each tagged item by being within a 
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specified constant distance (Rlimit) from each tagged item, 
said region being entirely within a communication range 
(Rrange) of the RFID reader; 
0032 means for splitting the region into a plurality of 
Subregions; 
0033 means for determining for each subregion a central 
tagged item having more adjacent tagged items in each 
Subregion than any other tagged item in each Subregion, said 
determining for each Subregion the central tagged item 
utilizing the generated information; and 

0034 means for outlining a virtual boundary around 
the central tagged item to enclose the central tagged 
item and a portion of the tagged items in each Subregion 
which are adjacent to the central tagged item by being 
within the specified constant distance (Rlimit) of the 
central tagged item, said virtual boundary defining a 
Subset of the set of tagged items for each Subregion as 
comprising the central tagged item and all other tagged 
items within the virtual boundary, wherein the portion 
of the tagged items in each Subregion consists of all, or 
less than all, tagged items which are adjacent to the 
central tagged item in each Subregion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. The above and other items, features and advantages 
of the invention will be better understood by reading the 
following more particular description of the invention in 
conjunction with the accompanying drawings. 
0036 FIG. 1 shows a block diagram representing a 
general arrangement of a passive tag device, in accordance 
with embodiments of the present invention. 
0037 FIG. 2 depicts the Catcher Tag Mode Module, in 
accordance with embodiments of the present invention. 
0038 FIG. 3 shows an analysis of the total process timing 
from an emitted signal by the readable machine until a 
backscattered catching data packet of a tag answers to the 
readable machine, in accordance with embodiments of the 
present invention. 
0039 FIG. 4 shows a sequence of a separating distance 
computation for determining the proximity of tags located in 
the same vicinity, in accordance with embodiments of the 
present invention, 
0040 FIG. 5 illustrates an example of a suitable power 
budget allowing the Catcher Tag Mode Module to catch 
reflected data from an adjacent tag by satisfying the back 
scattering technique, in accordance with embodiments of the 
present invention. 
0041 FIG. 6 shows a block diagram of an implementa 
tion for practicing the present invention. 
0042 FIG. 7 illustrates in a high level, a Client Applica 
tion as may be applicable to the embodiments of the present 
invention. 

0043 FIG. 8 represents a flow chart that outlines the 
discrimination algorithm of the Application Controller of 
FIG. 7, in accordance with embodiments of the present 
invention. 

0044 FIG. 9 illustrates a splitting of a tag set into subsets, 
in accordance with embodiments of the present invention. 
0045 FIG. 10 contains an implementation of the dis 
crimination algorithm functionally described in FIG. 8, in 
accordance with embodiments of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0046 Embodiments of the invention are described herein 
after by way of examples with reference to the accompany 
ing figures and drawings. 
0047. The detailed description of the invention is divided 
into sections as follows: 
0048 A. Locating RFID Tags; and 
0049 B. Dividing Tagged Items Into Subsets. 

A. Locating RFID Tags 

0050. The present invention provides an enhanced RFID 
wireless identification device using a passive tag, with 
peripheral circuits which allow the passive tag to be used 
either as a standard tag or as a catcher tag which overcome 
issues of the prior art described Supra. 
0051. The present invention provides such a RFID 
device, wherein the identification of adjacent tags is pos 
sible. 
0052. The present invention to provide a Radio Fre 
quency Identification (RFID) device for reading the content 
of a message hosted in an adjacent MD tag and thereby 
determining the distance between a tag and the adjacent tag. 
0053. The present invention gathers identification of 
group of adjacent tags in a predefined radius and generates 
a compacted identification message accordingly. 
0054 The present invention filters undesirable identifi 
cation of at least, one or more tags located in the delimited 
vicinity that are outside of a predefined radius. 
0055. The present invention localizes uniquely a tag 
located in various adjacent delimited vicinities. 
0056. The present invention determines the quantity of 
adjacent tags present in the delimited vicinity and generates 
a list of tags accordingly. 
0057 The present invention provides a readable machine, 
namely a RFID reader, with a selective identification of a 
group of adjacent tags located in different delimited vicini 
ties as well as in a predefined radius. 
0058. The present invention boosts the performance of a 
readable machine by regrouping the identification of the 
adjacent tags located in a predefined radius. 
0059. The present invention provides a computer pro 
gram product. The computer program product comprises a 
computer sable storage medium having a computer readable 
program code and algorithm embodied in the medium and 
the computer program product includes at least one compo 
nent or more to perform the steps of the timing and distance 
computation and any other calculation described herein, via 
execution of the program code on a processor of a computer 
system. 
0060 According to the invention, a passive RFID device 
comprises peripheral circuits allowing it to be used either as 
a standard passive tag or as a catcher tag. The peripheral 
circuits comprise means to Swap the tag in the desired 
functionality. 
0061. In one embodiment, a RFID device is provided as 
comprising: receiving means for receiving an identification 
request from a RFID reader, and sending means responsive 
to the identification request for sending to the MD reader an 
identification message. 
0062. The RFD device is characterized in that it further 
comprises: catching means for receiving a neighbor identi 
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fication message from at least one adjacent RFID device 
responding to n identification request from the RFID Reader. 
0063. The catching means may comprise an antenna and 
a circuitry in communication with the antenna having means 
for processing the received neighbor identification message. 
0064. The present invention provides a programmable 
passive tag that can be used either as a standard tag or as a 
catcher tag for picking up signals from adjacent tags located 
in a delimited vicinity and more specifically in a limited 
radius. 

Physical and Technical Considerations: 
0065. A RFD passive tag comprises a microchip attached 
to an antenna that requires indispensable energy from an 
external readable machine (i.e., a RFID reader) to operate. 
The tag antenna is designed to resonate with a specific 
carrier wave that is provided by the readable machine. 
Typically, the readable machine sends some bursts of elec 
tromagnetic waves to the RFID passive tag that drive the 
antenna and thereby power correctly the internal circuitry. 
The RFID device replies to the incoming signals by provid 
ing the necessary information about its own identity. 
0066. At Ultra-High Frequency (UHF) bands, a passive 
tag may communicate with a readable machine by the use of 
a backscattering technique. The backscattering technique 
operates at UHF (>100 MHz) and higher frequency bands. 
The backscattering technique comprises modulating with a 
data signal a portion of the energy transmitted by the 
readable machine that is reflected by the antenna when 
resonating. 
0067. As shown in FIG. 1, a symbolic view in accordance 
with embodiments of the present invention represents a 
general arrangement of a passive tag device (100) compris 
ing a Tag Antenna (102) coupled to an Impedance Variation 
System (104), an Antenna Switching Interface (106), a 
Standard Tag Mode Module (108), a Catcher Tag Mode 
Module (110) and a Protocol Tag Manager (112). 
0068. In use, the Tag Antenna (102) communicates with 
the readable machine (not shown) by backscattering the 
transmitted carrier wave and providing a receiver (not 
shown) located within the Antenna Switching Interface 
(106) with burst of electromagnetic waves of the readable 
machine for processing. Furthermore, the base of the Tag 
Antenna (102) is connected to the Impedance Variation 
System (104). The Impedance Variation System (104) con 
trols dynamically the K-factor of the Tag Antenna (102) via 
the instructions it receives from the Protocol Tag Manager 
(112). 
0069. The aforementioned K-factor of the Tag Antenna 
(102) is a function of the impedance load variation at the 
antenna base that determines a theoretical backscattered 
power equivalent to P-backscattered that is demonstrated by 
the formula 1 (Form. 1): 

P-backscattered=K-factor Pa *G. (Form. 1) 

wherein Pa is the power collected by the tag antenna, G is 
the gain of the tag antenna, and K-factor is a function of the 
impedance load variation. 
0070 The arrangement of the Antenna Switching Inter 
face (106) with the Standard Tag Mode Module (108) and 
the Catcher Tag Mode Module (110) insures that the func 
tionality of the passive tag suits a standard mode as well as 
a catcher mode. To allow the catcher mode, the user con 
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figures the required functionality mode at the initialization 
phase via the Protocol Tag Manager (112). 
0071. In standard mode, the Protocol Tag Manager (112) 
sets the Impedance Variation System (104) in high imped 
ance and activates the Antenna. Switching Interface (106) in 
the appropriate position. Then, the Standard Tag Mode 
Module (108) receives the flux of electromagnetic waves 
from the readable machine through the Tag Antenna (102). 
The Standard Tag Mode Module (108) functionality is 
similar to any well-known passive tag. Once correctly 
queried, it provides the readable machine with its own 
identity as well as other information like the Electronic 
Product Code (EPC) that is hosted internally according to 
the standard UM communication protocol. No further details 
about the Standard Tag Mode Module (108) functionality 
will be provided in this section. 
0072 The catcher mode differs from the standard mode 
by the ability to handle data carried by an adjacent tag when 
answering to a readable machine. To achieve such, a Catcher 
Tag Mode Module (110) is coupled to the Standard Tag 
Mode Module (108). 
0073. In catcher mode, the Protocol Tag Manager (112) 
initiates the Impedance Variation System (104) for varying 
the impedance load at the base of the Tag Antenna (102) and 
sets the Antenna Switching Interface (106) in the appropriate 
position that differs from the standard mode. 
0074 The Impedance Variation System (104) determines 
the adequate impedance of the load at base of the Tag 
Antenna (102) that is necessary for producing an antenna 
K-factor equal to “0” or “1”. The Impedance Variation 
System (104) drives the Tag Antenna (102) with an internal 
three state driver circuit (not shown) that automatically 
adapts the proper impedance termination at the antenna base 
between whether a high impedance or a low impedance 
termination is to be set. It is noted that a three state driver 
produces a low impedance termination when driving a load. 
When the internal three state driver circuit drives the base of 
the Tag Antenna (102) by presenting a high impedance 
termination then the antenna K-factor is equal to “0”. 
Alternatively, when a low impedance termination is pre 
sented, then the antenna K-factor is equal to “1” and the 
impedance of the Impedance Variation System (104) output 
is equal to the impedance of the antenna. 
0075. Then, both the Catcher Tag Mode Module (110) 
and the Standard Tag Mode Module (108) receive simulta 
neously the flux of electromagnetic waves from the readable 
machine via the Tag Antenna (102) for interpretation. The 
Standard Tag Mode Module (108) checks the query message 
it receives, detects the matching address as well as the 
missing ones, and initiates both the Catcher Tag Mode 
Module (110) and the Protocol Tag Manager (112) for 
operating 
0076. The Catcher Tag Mode Module (110) interprets the 
addresses it receives and thereby identifies the correct oper 
ating mode for monitoring the reflected carrier wave accord 
ingly. Depending on the operating mode, the Catcher Tag 
Mode Module either catches data (catching mode) from the 
adjacent tags answering to the readable machine or carries 
data (carrying mode) over when queried by the readable 
machine. Simultaneously, the Protocol Tag Manager (112) 
receives the matching address that operates the Impedance 
Variation System (104). Then the impedance Variation Sys 
tem (104) modulates the reflected carrier waves with data 
representing, at least, the passive tag identity or requested 
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data. When a missing address appears, the Protocol Tag 
Manager (112) disables the Impedance Variation System 
(104). Thereby, the Impedance Variation System (104) loads 
the Tag Antenna (102) with high impedance. 
0077. The impedance Variation System (104) determines 
the adequate impedance of the load at the base of the Tag 
Antenna (102) that is necessary for switching the incident 
carrier wave from a fully absorbed wave to a fully reflected 
one and Vice versa. Such a variation generates a modulation 
that can carry information by the use of the backscattering 
technique. By mixing a modulation of the reflecting carrier 
waves with the backscattering technique, a passive tag that 
responds to a query of a readable machine is capable to 
transmit its own identity message to at least one or more 
adjacent tags. Then, the modulation of the reflecting carrier 
waves is transmitted to the readable machine for interpreting 
the tag response. 
0078. It is noted that the aforementioned passive tags are 
located in a delimited vicinity and a limited radius which is 
preset at the tag configuration step via the Protocol Tag 
Manager (112). 
(0079. However, the Protocol Tag Manager (112) requires 
Some adjustments for satisfying the present invention. 
Indeed, some additional parameters are included in the 
existing RFID messages allowing both the readable machine 
and the tags to get the necessary parameters for determining 
tags positioned in a delimited vicinity. 
0080 Some of the parameters are listed herein as follows. 
I0081. The acknowledge signal (ACK) issued from the 
readable machine when interrogating comprises three fields 
for loading parameters. 
I0082. The first field contains a computed random number 
allowing a tag to be identified. unambiguously by the 
random number when a readable machine initiates a query 
(RN16). 
I0083. The second field contains the distance (D) value 
between the polled tag and the readable machine. 
I0084 Finally, the third field provides a radius (Rlimit) 
value of a circle for which the polled tag represents the axis 
and further defines the area in which a tag can be considered 
as adjacent to the polled tag. 
0085. In addition, the tag response message contains data 
that provides the readable machine with computed informa 
tion like PC, EPC, D (the distance between the polled tag 
and the readable machine) and an EPC LIST representing 
the list of the adjacent tags. 
I0086 FIG. 2 illustrates in a high level, the Catcher Tag 
Mode Module (200) as may be applicable to the general 
arrangement of the passive tag device (100) of FIG. 1, in 
accordance with embodiments of the present invention. 
I0087. When the tag is set in a catcher mode, the Catcher 
Tag Mode Module (200) operates in two ways. 
I0088 Firstly, the readable machine queries the passive 
tag by using a standard protocol. The passive tag identifies 
the address it receives and, if a matching comparison occurs, 
turns the Catcher Tag Mode Module (200) in carrying mode. 
Thereby, the Catcher Tag Mode Module (200) takes advan 
tage of the reflected carrier wave of a readable machine for 
carrying data, like tag identification and qualifiers and other 
relevant data that are stored in a local memory, over the 
antenna by the use of the backscattering technique. 
I0089. Secondly, if there is no matching occurrence with 
the query of the readable machine, then the Catcher Tag 
Mode Module (200) is enabled in the catching mode to catch 
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the data carried from the readable machine as well as those 
coming from the adjacent tags answering to the readable 
machine in the delimited vicinity. A local micro controller 
(not shown) identifies the adjacent tags located around and 
initiates a distance computation in between by running a 
microcode algorithm. 
0090. The Catcher Tag Mode Module (200) comprises an 
Identification Matching Detector Module (202), a Tag 
Antenna interface (204) and an Adjacent Tag Controller 
(206) with an associated Adjacent Tag Database (208). 
0091. The Identification Matching Detector Module 
(202) decodes the addresses it receives from the Standard 
Tag Mode Module, identifies the correct operating mode 
(i.e., carrying mode or catching mode) and adapts the 
Catcher Tag Mode Module (200) functionality by setting the 
Tag Antenna Interface (204) accordingly. 
0092. If the decoded address does not match the query of 
the readable machine then the Identification Matching 
Detector Module (202) turns both the Adjacent Tag Con 
troller (206) and the Tag Antenna. Interface (204) in "catch 
ing mode’. Then, the Tag Antenna interface (204) catches 
the data reflected from the adjacent tags answering to the 
readable machine and, after demodulating, provides the 
Adjacent Tag Controller (206) with a stream of data and 
qualifiers that are carried by the flux of electromagnetic 
WaVS. 

0093. In the other case, where the addresses of the 
passive tag match with the query of the readable machine, 
the Identification Matching Detector Module (202) turns 
both the Adjacent Tag Controller (206) and the Tag Antenna 
Interface (204) in “carrying mode'. Then, the Tag Antenna 
Interface (204) carries data with accompanying qualifiers 
from the Adjacent Tag Controller (206) over the Tag 
Antenna. 

0094. The Tag Antenna Interface (204) contains circuitry 
for managing the reflected carrier waves and further com 
prises circuitry for reducing the path between the Antenna 
Switching Interface (106) and the Adjacent Tag Controller 
(206) that optimizes the performance of the backscatter 
technique. 
0095. The performance of the backscatter technique 
depends essentially on the backscattering yield that is a 
function of the relationship between the gain of a tag antenna 
and the path length from the receiver to the antenna as well 
as the definition of the suitable power budget for satisfying 
the receiver sensitivity as demonstrated in FIG. 5. 
0096. The Adjacent Tag Controller (206) is micro con 
troller-based and interacts with a storage device, like a flash 
memory or equivalent (not shown), located in the Adjacent 
Tag Database (208). 
0097. In catching mode, the Tag Antenna Interface (204) 
transmits, after executing a demodulation, both the data and 
the associated qualifiers to the readable machine. Simulta 
neously, the Adjacent Tag Controller (206) picks them (i.e., 
the data and the associated qualifiers) for feeding the micro 
controller. Then the micro controller (not shown) initiates a 
computation processing by interpreting the content of the 
information carried by the flux of electromagnetic waves. 
Such content contains information like the adjacent tag 
identification or tag-to-tag distance or tag-to-readable 
machine distance as well as a list identifying a group of 
adjacent tags located in the same vicinity or any other 
required information for deriving tag geographical informa 
tion. Then, the Adjacent Tag Controller (206) extracts the 
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elements that identify the tag, interprets tag distance quali 
fiers, initiates the distance algorithm, determines the tags 
matching with the predefined user's criteria, references them 
and stores all parameters and results into the storage device 
of the Adjacent Tag Database (208). It is noted that the 
distance computation is aggregated over the qualifiers that 
identify the adjacent tags. 
0098. In carrying mode, the Adjacent Tag Controller 
(206) selects from the Adjacent Tag Database (208) the 
distance information of the adjacent tags previously stored 
during the catching mode. Furthermore, it provides the 
readable machine with information related to its identifica 
tion (EPC). Then the Adjacent Tag Controller (206) trans 
mits the data with accompanying qualifiers from the Tag 
Antenna. Interface (204) over the Tag Antenna (FIG. 1:102). 
0099 Going now to FIG. 3, wherein an analysis of the 
total process timing from an emitted signal by the readable 
machine until a backscattered catching data packet of a tag 
answers to the readable machine is described in detail, in 
accordance with embodiments of the present invention. 
0100. In operation, a readable machine (302) broadcasts 
a reader command within a round frame that initiates a 
sequence of asynchronous exchanging messages between 
the readable machine and a series of tags (i.e. 304 and 306) 
located in the frame size. The round frame size depends on 
the emitted power of the readable machine and is repre 
sented by a radius (Rrange) that delimitates the communi 
cation range between the readable machine and the tags. 
0101 The readable machine produces a query to a remote 
tag. The remote tag collects the information of the query 
and, after processing its identification, transmits data packets 
to the readable machine. The data packets transmitted to the 
readable machine contain information related to the sepa 
rating distance from the tag to the readable machine (D.t2r). 
The total process timing (Tpt) duration that is required to 
achieve Such an operation varies in proportion to the posi 
tion of the tags in the frame and the length of the data 
packets that need to be treated. 
0102 The total process timing (Tpt) represents the time 
(at time ta) it takes for a readable machine to receive a data 
packets from a polled tag after the readable machine starts 
to poll a tag by initiating a reader command at time to. Thus, 
Tpt is equal to ta minus to. 
0103) Then, for satisfying both the process tracking and 
distance computing, some parameters are stored into a 
register in both the reader and the polling tag for future 
usage. Such parameters comprise the start time, the end time 
and the duration of the total process timing (Tpt) as well as 
the allotted radius limit (Rlimit) in which tags are considered 
as adjacent. 
0104. It is to be noted that the aforementioned allotted 
radius limit (Rlimit) is part of the acknowledge signal 
(ACK) and can be defined either on user configuration or in 
real time by the use of the readable machine at an initial 
ization step. 
0105 Generally, the operations that generate a variation 
of the process timing comprise the following events as listed 
herein: 

0106 the emitting transmission time (TE.r2t) that is a 
function of the distance (D.t2r) there exists between a 
remote tag and the readable machine and; 
0107 the granted time of the tag for responding (Tgrt) 
which is related to the process to do on the data and; 
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0108 the access time of the tag (ATacc) that a tag needs 
for reading a received data packet that is in proportion of the 
data packet length and; 
0109 the responding transmission time (TR.t2r) for 
transmitting data from the tag to the readable machine that 
is normally identical to the emitting transmission time 
(TE.r2t). 
0110. To illustrate the duration of a total process timing 
(Tpt) consider the formula 2 (Form.2) as demonstrated 
herein. 

Tpt=2TX+Tgrt+ATacc (Form.2) 

wherein: D.t2r is the distance (m) between the readable 
machine and the tag, C is the light speed equal to 300000 
km/s, TE.r2t and TR.t2r are the transmission times between 
the readable machine and the tag, Tgrt is the granted time for 
a tag for processing the received data packet, and ATacc is 
the access time of the tag for reading the received data 
packet. 
0111. Thus, as demonstrated in Form.2, the total process 
timing (Tpt) of a polling process depends essentially on both 
the transmission times (TE.r2t and TR.t2r), the unavoidable 
access time (ATacc) and the time for tag processing (Tgrt), 
of the responding tag. It is to be noted that the access time 
(ATacc) of a responding tag and the time (Tgrt) for tag 
processing of the responding tag varies due to different data 
packet lengths and consequently randomizes the timing 
variation of the total process timing (Tpt) that may be a 
concern when using the present invention. 
0112 Both transmission times (TE.r2t and TR.t2r) are 
derived by executing a round scanning of the tag population 
when starting a reader command. Then, each tag radius 
(R.t2r) as well as other parameters related to the position of 
the tag are determined in regards to the readable machine 
and are sent to each polling tag for hosting. In addition, 
when responding to the readable machine, a polled tag 
includes in the transmitted data packet said radius sent by the 
readable machine which allows any non-polled tags to 
obtain the separating distance (D.t2r) for hosting. 
0113. In order to bypass the undesirable timing variations 
of the access time (ATacc) and the time for tag processing 
(Tgrt), each polled tag (i.e. Tag-B: 304), that is consequently 
set in carrying mode, enables a particular delay circuitry that 
triggers, at a presetting time value (Ttrig), the responding 
data packet independently of the data packet length and data 
process. The presetting time value (Ttrig) is not less than a 
Sum of a maximum value of ATacc and a maximum value of 
Tgrt. The presetting time value (Ttrig) can be loaded either 
on user configuration or in real time by the use of the 
readable machine at initialization step. 
0114. Additionally, each non-polling tag (i.e. Tag-A: 306) 
Switches to catching mode. Then, each non-polling tag uses 
the backscattering technique for generating a total tuning 
envelope (TT) that represents the timing length of the 
ongoing transaction. The total timing envelope (TT) starts, 
at time t1, when each non-polling tag receives a polling 
command addressed to a polled tag. The occurrence of the 
received data packet from the tag answering to the readable 
machine, at time t3, determines the endpoint of the envelope 
in time. 
0115 Each tag contains its own transmission time param 
eters (TE.r2t and TR.t2r) previously stored at initialization 
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time and furthermore each tag catches the transmission time 
parameters (TE.r2t and TR.t2r) belonging to the tag answer 
ing to the readable machine by the use of the backscattering 
technique. By integrating the total timing envelope (TT) 
with the aforementioned transmission time parameters, each 
non-polled tag (i.e. Tag-A: 306) infers the separating trans 
mission time (T.t2t) with the polled tag responding and 
consequently the distance (D.t2t) between the non-polled tag 
and the polled tag. 
0116 Finally, the separating transmission time (T.t2t) is 
compared with time limit derived from the allotted radius 
limit (Rlimit) to determine if the responding polled tag is 
adjacent to the non-polled tag. If it is the case, the respond 
ing tag Id is saved to be further transmitted to the readable 
machine. 
0117 For implementing such algorithm, all RFID tags 
are synchronized in time. This is achieved by using received 
signal carrier from the RFID reader as an internal time base. 
0118. The formula 3 (Form.3) details the computation 
steps for determining the separating transmission time 
(T.t2t) of a series of tags located in the same vicinity of a 
catcher tag (Tag-A) and thereby defining that a tag is 
adjacent to another one as demonstrated herein: 

0119. It is to be noted that TE.r2t.tagA (catcher) has been 
previously set by the readable machine and TE.r2t.tagB is 
set in the response of Tag-B to the readable machine. 

(Form.3) 

If (Tit2t)*CsRlimit then tagA and Tag B are adjacent. 

wherein: TE.r2t.tagA is the transmission time for Tag-A 
(306), TE.r2t.tagB is the transmission time for Tag-B (304), 
TT is the total timing envelope, and TP is equal to Ttrig. 
Ttrig represents a constant delay for getting rid of the 
variation of the tag access time (ATacc) when reading a 
received data packet and data granted processing time 
(Tgrt). Tgrt is the processing time for a tag for responding. 
0120 Going now to FIG. 4, a sequence of a separating 
distance computation for determining the proximity of 
Tag-A (406) to Tag-B (404) (i.e., the distance between 
Tag-A (406) and Tag-B (404)) will now be described in 
reference to both the FIG. 3 and the Form. 3, in accordance 
with embodiments of the present invention. 
I0121. At time t0, a readable machine (402) broadcasts 
within a delimited communication range (Rrange) a polled 
data to be transmitted to Tag-A (406) and Tag-B (404). 
0.122 Both Tag-A (406) and Tag-B (404) are located at 
different distances from the readable machine (402) and 
need respectively TEr2t.tagA and TE.r2t.tagB transmission 
time to be reached. 
I0123. In the present example, the placement configura 
tion assumes that Tag-A (406) is closer than Tag-B (404) to 
the readable machine (402) and consequently receives, at 
time t1, the polled data before Tag-B (404) receives the 
polled data at time t2. 
0.124. At time t0, each tag contains information on the 
allotted radius limit (Rlimit) where tags are considered as 
adjacent by the readable machine (402). 
0.125. Then, the readable machine (402) polls Tag-B 
(404). 
0.126 Tag-B (404) replies to the readable machine by 
providing its identification (EPC) and the separating dis 
tance parameters (D.t2r) between Tag-B (404) and the 
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readable machine (402). It is noted that the separating 
distance computation is derived from the transmission time 
(TE.r2t.tagEB). 
0127. Additionally, Tag-A (406) switches in catching 
mode and is thus capable of receiving and interpreting the 
echo coming from Tag-B (404) by the use of the backscat 
tering technique. 
0128. It is noted here that, by the use of the backscatter 
ing technique, Tag-A (406) is capable of catching the flux of 
electromagnetic waves existing between the readable 
machine (402) and the polling Tag-B (404). 
0129. Then, at time t1, Tag-A (406) initiates the timing 
time envelope (TT) while, at time t2, Tag-B (404) starts 
polling data packets and enables the delay circuitry allowing 
to trigger at a presetting time value (Ttrig) the responding 
data packet. 
0130. At the predefined time value (Ttrig) expiration, 
Tag-B (404) transmits requested data packets to the readable 
machine (402). 
0131. As already explained before, the aforementioned 
data packet contains the Tag-B (404) identification (EPC) 
and the information related to the separating distance (D.t2r) 
between the Tag-B (404) and the readable machine (402). 
0132) While Tag-B (404) transmits the requested data 
packet to the readable machine (402), Tag-A (406) receives 
transmission time (T.t2t) later, at time t3, the echo from 
Tag-B (404) and consequently ends the processing of timing 
envelope (TI) that started at time t1. 
0133. Then Tag-A (406) computes the separating trans 
mission time (T.t2t) by applying the formula of Form.3 and 
determines if Tag-A (406) is adjacent to Tag-B (404) or not. 
0134) Tag-A (406) contains the necessary parameters for 
computing the separating transmission time: TE.r2t.tagA 
transmission time; TE.r2t.tagB transmission time: TP (de 
fined); TT (defined as the difference between t3 and t1); and 
the allotted radius limit (Rlimit) (defined). Thus the com 
putation of the separating transmission time (T.t2t) is 
defined. 
0135 Then, the result of distance pertaining to the com 
puted separating transmission time (T.t2t) is compared to the 
allotted radius limit (Rlimit). Finally, Tag-A (406) is adja 
cent to Tag-B (404) and Vice-versa if the separating trans 
mission time (T.t2t) determines a distance (T.t2tC) that is 
equal or less than the allotted radius limit (Rlimit) by 
respecting the delimited communication range condition 
(Rrange) in which both Tag-A and Tag-B are located. 
0.136 FIG. 5 illustrates in a high level a typical power 
budget allowing the Catcher Tag Mode Module (FIG. 1:110) 
to catch reflected data from an adjacent tag by using the 
backscattering technique. 
0.137 Some references to formulate the power budget 
arrangement are initially described as follows. 
Gain of an antenna: The theoretical gain of an antenna 
coupled to a path length less than 1 cm is around 2 dBi 
(isotropic) that produces a comfortable backscattering yield 
(c.f. reference from an article published by “Intelleflex 
Corporation”). An isotropic antenna broadcasts power 
equally in all directions. The real gain of the aforementioned 
isotropic antenna is equal to 0 dB as given by the converting 
formula: 0 dB=2.14 dBi. 
dBm unit (decibel-milliWatt): In a RFID wireless network 
the symbol dBm refers to relative changes in magnitude. 
Some examples of Watt to dBm conversion are illustrated 
below: 
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I0138 1 W transmission power—30 dBm 
0.139 1.3 mW=1 dBm 
0140 100 uW=-10 dBm 
0141 63 nW=-42 dBm 
Minimum energy for powering a tag: The minimum energy 
(P tagmin) for powering a passive RFID tag is around -10 
dBm (100 uW) that is above of the sensitivity of a standard 
tag receiver. Generally, the sensitivity of a standard tag 
receiver is -42 dBm (63 nW). By comparison, a semi 
passive RFID tag contains an internal battery that provides 
the electronic circuitry with the necessary energy. Thereby, 
the power limitation of the semi-passive RFID tag is due 
only to the receiver sensitivity (-42 dBm). 
Loss of modulation: Measurements in anechoic chamber 
commonly give a tag return loss of 32 dB for a measuring 
distance of 50 cm (c.f. K. V. Seshagiri Rao IEEE white paper 
12/2005) as detailed in the formula 4 (Form.4) herein: 

Loss(db)=1OLog((4*PiD)/Lamda)? (Form.4) 

wherein: D is the distance (m) and Lamda is the wavelength 
of the frequency in use (i.e. 860 MHz for UHF and 300000 
km/s for the light speed that gives Lamda=300/860). 
0.142 Formula 4 (Form.4) demonstrates that, an UHF 
transmission (860 MHz) in the air has: 
0.143 31.15 dB of modulation lost at 1 meter of distance 
from a readable machine and; 
0.144 37.15 dB of modulation lost at 2 meters of distance 
and: 

(0145 40.60 dB of modulation lost at 3 meters of distance. 
0146 The backscattering loss (bkst loss) with no modu 
lation is less than 1 db (c.f. Intelleflex Corporation). 
0147 The maximum carrier wave attenuation (CWave 

att), for providing the receiver with Sufficient energy (P tag 
min), depends on both the emitted power (P reader) and the 
transmission gain penalty (P penalty). The transmission 
gain penalty (P penalty) is proportional to the separating 
distance of the Catcher Tag Mode Modules (FIG. 1:110) 
with the readable machine. 

0.148. The receiver that is included in the Catcher Tag 
Mode Modules (FIG. 1:110) needs -10 dBm of minimum 
power (P tagmin) to be activated. Then, the maximum 
carrier wave attenuation (CWave att) allowing the Catcher 
Tag Mode Modules (FIG. 1:110) to receive enough energy 
to operate is given by the formula 5 (Form.5): 

CWave attsP tagminsP reader-P penalty 

P penaltys P reader-CWave att (Form.5) 

wherein: CWave att is the maximum carrier wave attenua 
tion allowed, P tagmin is the minimum energy for activating 
a tag (-10 dBm), P reader is the power delivered by the 
readable machine (30 dBm), and P penalty is the transmis 
sion gain penalty that is a function of the distance between 
the readable machine and the receiver. 
014.9 Thus, it is shown that the maximum separating 
distance is proportional to the transmission gain penalty 
(P penalty) that appears between the readable machine and 
the receiver. 
0150. By assuming that the forward power of the RFID 
readable machine is 1 W (30 dB), the formula 5 (Form.5) 
shows that the maximum transmission gain penalty is 40 db 
(P penalty–30 dBm-10 dBm-40 db equivalent to 10*Log 
(1000 mW/0.1 mW)) that gives a maximum separating 
distance of 3 meters as demonstrated in formula 4 (Form.4). 
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0151. Finally, in catching mode, a tag that is supplied 
within the same readable machine range as an adjacent 
polling tag can receive a backscattered response from the 
aforementioned tag by the limit of its receiver sensitivity. 
Consequently, a power budget for determining the maxi 
mum attenuation of the backscattered signal that is allowed 
for achieving a distant tag receiver sensitivity, in catching 
mode, when the communication with an adjacent tag, in 
carrying mode, is in limit of range is demonstrated by FIG. 
5 with the accompanying of the formula 6 (Form.6) herein: 

CWave attsP tagminsP reader-P penalty 

Max attalls P tagmin.tag A-Cwave att--bkSt 
loss.tag B (Form.6) 

wherein: 
0152 tag. A tag in catching mode; 
0153 tag B-tag in carrying mode: 
0154 Max att all is maximum attenuation of the back 
scattered signal allowed in the path between tag A and 
tag B; 
O155 C. Wave att is the maximum carrier wave attenu 
ation allowed at the intermediate distance between the 
readable machine and the tag. A for providing the tag B 
receiver with the sufficient powering: 
0156 P tagmin.tag. A represents the tag. A receiversen 
sitivity; and 
0157 bkst loss.tag B is the tag B backscattering loss 
with no modulation of 1 db (admitted rules). 
0158. As illustrates in the FIG. 5, the sensitivity of a 
communication between a tag that is in carrying mode 
(tag. B) and an adjacent tag that is in catching mode when 
located within the delimited vicinity is detailed. 
0159. A readable machine (502) broadcasts sequentially 
polled data within a delimited communication range 
(Rrange) to be received respectively by the tag B when it is 
located at spot A (504), then at spot B (506) and finally at 
spot C (508). 
0160 The system operates in a volume equivalent to the 
intersection of the delimited communication range (Rrange) 
provided by the readable machine (502) with the catching 
range existing between a polling tag and a tag that is in 
catching mode. For example, when the tag B is located at 
spot C (508), the resultant volume given by the intersection 
of the sphere (510) with the sphere (514) represents the 
operating Volume of the system. 
0161. By applying the formula 6 (Form.6) on a passive 
tag (tag. B) for which the minimum energy (P tagmin) is 
-10 dBm, it is demonstrated that a semi-passive tag (tag A) 
with a receiver sensitivity of -42 dBm can communicate 
together as shown herein: 

P reader=30 dB; 

Rrange=3 meters: 

P tagmin.tag A=-42 dBm; 

P tagmin.tag B=-10 dBm; and 

bkst loss.tag B=-1 dBm. 

Tab B located at spot A (504): 

0162. A maximum separating distance of 1 meter with the 
readable machine gives again penalty of 31 dBm that sets 
Cwave att at a value equal -1 dBm. 
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Max attalls-42 dBm--1 dBm--1dBm=-40 dBm. 

0163 According to the Formula 4 (Form.4), 40.60 dB of 
modulation lost represents 3 meters of distance (R1) that is 
Sufficient for communicating with a tag A in catching mode 
(not shown here) located in the delimited vicinity (516). 
(0164. Tab B located at spot B (506). 
0.165. A maximum separating distance of 1.5 meters with 
the readable machine gives again penalty of 34.6 dBm that 
sets Cwave att at a value equal -4.6 dBm. 

Max attalls--42 dBm--4.6 dBm--1 dBm=-36.4 
dBm. 

(0166 According to the Formula 4 (Form.4), 37.15 dB of 
modulation lost represents 2 meters of distance (R2) that is 
Sufficient for communicating with a tag A, in catching mode 
(not shown here), located in the delimited vicinity (512). 
(0167 Tab B located at spot C (508): 
0168 A maximum separating distance of 3 meters with 
the readable machine, represented by a round frame (510) of 
3 meters radius (R0), gives again penalty of 40 dBm that 
sets Cwave att at a value equal -10 dBm. 

Max attalls-42 dBm--10 dBm--1 dBm=-31 
dBm. 

(0169. According to the Formula 4 (Form.4), 31.15 dB of 
modulation lost represents 1 meter of distance (R3) that is 
Sufficient for communicating with a tag A, in catching mode 
(not shown) located in the delimited vicinity (514). 

B. Dividing Tagged Items Into Subsets 
0170 The present invention provides a system and 
method for identifying a series of tagged items that are 
located in a delimited vicinity. 
0171 The present invention discriminates a tagged item 
from a series of tagged items that are assembled together in 
a delimited vicinity by avoiding reading collision. 
0172. The present invention gathers identification of a 
group of adjacent tags in a predefined radius and generate a 
compacted identification message accordingly. 
0173 The present invention filters undesirable identifi 
cation of at least, one or more tags located in a delimited 
vicinity that are outside of a predefined radius. 
0.174. The present invention localizes uniquely a tag 
located in various adjacent delimited vicinities. 
0.175. The present invention determines the quantity of 
adjacent tags present in a delimited vicinity and generates a 
list of tags accordingly. 
0176 The present invention provides a Radio Frequency 
Identification (RFID) reader with a selective identification of 
a group of adjacent tags located in different delimited 
vicinities as well as in a predefined radius. 
0177. The present invention boosts the performance of a 
RFID Reader by regrouping the identification of adjacent 
tags located in a predefined radius. 
0.178 The present invention provides a computer pro 
gram product comprising a computer usable storage medium 
having a computer readable program code and algorithm 
embodied in the medium and the computer program product 
includes at least one component or more to operate the steps 
of the distance computation method and any other calcula 
tion described herein, via execution of the program code on 
a processor of a computer system. 
0179 The preset invention comprises identifying simul 
taneously a series of tagged items assembled in a case or a 
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pallet, and a method allowing a Pallet Management System 
(PMS) to capture unambiguously the content of the identi 
fied items by using RFID capabilities. 
0180 FIG. 6 illustrates by schematic block diagram an 
environment (600) for practicing the present invention. The 
environment (600) comprises a Reader (602), a Stocking 
Environment (604) like a yard comprising several Tagged 
Item Groups (#1 (606) to in (608)) like pallet or case, and 
a Client Application (610) based on a RFID system. 
0181. The RFID system operates at the reader level. The 
Reader (602) is an RFID reader that communicates with or 
interrogates different groups of tagged items that are respec 
tively arranged in Tagged Item Group #1 (606) up to Tagged 
Item Group in (608). It is considered that Tagged Item 
Group #1 (606) and Tagged Item Group 4n (608) do not have 
relationship together but are located within a same Stocking 
Environment (604). For the sake of simplicity, only two 
groups of tagged items are represented in FIG. 6 but the 
person who is skilled in the art can imagine that the RFID 
system may contain in a packaging Supply chain more than 
the two illustrated groups. The Reader (602) initiates mul 
tiple reading shots for targeting the tagged items that cor 
respond exclusively to the Tagged Item Group #1 (606) or 
the Tagged Item Group in (608). Thereby, each Tagged. 
Item Group (606, 608) contains a large amount of tagged 
items (not shown) that the Reader (602) has targeted as 
being located in the delimited vicinity. The delimited vicin 
ity is configured in the algorithm that suits for the Client 
Application (610). The delimited vicinity is determined by 
the separating distance between a tagged item that belongs 
to a particular Tagged Item Group (606 or 608) and the 
Reader (602). 
0182. A non-responding passive tag is capable catching 
and store the information carried by a tag responding to a 
reader by the use of backscattering technique. A non-re 
sponding tag can then restore the loaded information about 
its separating distance between adjacent tags to the reader 
when queried. 
0183 Then, by the use of an appropriate algorithm, the 
Client Application (610) processes the data collected by the 
Reader (602) from the targeted tagged items to be transmit 
ted to either a Pallet Management System (PMS) and/or to 
a packaging Supply chain logistic and/or to other database 
used by other client systems. 
0184 FIG. 7 illustrates in a high level, the Client Appli 
cation (200) as may be applicable to the environment of the 
invention. 

0185. The Client Application (700) comprises an Appli 
cation Controller (702), a Client Control interface (704), a 
Client Server (706), a WEB server (708) and a Client System 
Database (710) that are linked together on a client network 
(Network). 
0186 The Client Application (700) uses a standard net 
work to process data which are collected by the Reader (602 
of FIG. 6) and exchanges information across the different 
layers of the packaging Supply chain. It is to be noted that 
depending on the client application a data structure may 
contain multiple layers to form a client network Solution. As 
an example, one can be used to control the signals streaming 
all along the Supply chain while other ones can be used to 
handle the operation at the client layer. For the sake of 
simplicity, the present invention uses a single network 
(Network) for communicating between different layers. 
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0187. The Application Controller (702.) interacts with the 
Reader, interprets data gathering and transmits the informa 
tion collected to the Client System Database (710) to be 
stored via the client network (Network). The Application 
Controller (702) automates the process flow from the reader 
level to the Client Server (706). Thereby, the Client Server 
(706) collects the information from the Application Con 
troller (702) and sends the information to the client’s com 
munication system over the Internet via the WEB server 
(708). It is to be noted that the client network (Network) is 
the backbone of the supply chain and links all the devices of 
the Supply chain (like server, database or personal computer) 
together, Finally, the Client Control Interface (704) monitors 
the data exchanges between each system all along the client 
Supply chain. 
0188 Generally, the Application Controller (702) con 
tains a software agent for preventing reading collisions and 
ensuring a proper and timely communication with the tagged 
items. In the present invention, the Software agent runs a 
discrimination algorithm for determining the distance for all 
tagged items that are located in the same vicinity. The 
discrimination algorithm allows the Reader (602 of FIG. 6) 
to initiate multiple reading shots to the tagged items. 
Thereby, it can identify among a large amount of tagged 
items the aggregated ones that are assembled together in a 
predefined Volume, whether in a box or in a package, in 
cases or/and pallets. Moreover, the proposed discrimination 
algorithm computes at the reader level the encapsulating 
volume of tagged items by excluding the undesirable 
response of other tagged items being outside the predefined 
Volume. 

(0189 FIG. 8 represents a flow chart (800) that outlines 
the functional steps of the discrimination algorithm run at 
the Application Controller (702 of FIG. 7). In addition, FIG. 
10 shows an operational implementation of the now 
described discrimination process. 
0190. The discrimination algorithm firstly starts a polling 
cycle for calibrating the Application Controller. Then, it 
instructs the Reader (602 of FIG. 6) for screening the tagged 
items that are located in the range of the reader in order to 
identify and acquire their characteristics. Such characteris 
tics are the distance between a tagged item responding and 
the reader, the distance between an adjacent tagged item and 
the reader and other parameters allowing determination of 
the reader range limitation as well as the admitted radius 
distance limit between adjacent tagged items. In addition, 
other information, like a list of adjacent tagged items with 
their identification is included in the MD message when a 
polling tag responds to the reader. Data about the geographi 
cal position between adjacent tagged items can be also 
provided. After completion of the polling cycle, the charac 
teristics of the acquired tagged items feed the Application 
Controller and provide the discrimination algorithm with the 
necessary parameters for initiating the discrimination pro 
CCSS, 

0191 The discrimination algorithm allows splitting a 
tagged item population into one or more partitions, each 
partition containing a set of tagged items (TS) with multiple 
Subsets (SS). Another aspect is to collect the tagged items 
that are considered as adjacent when located in the same 
vicinity and to assemble them in a targeted Subset. A targeted 
Subset is a group of tagged items that the Application 
Controller considers as located in the same geographical 
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area or Volume. More precisely, the discrimination algorithm 
may take different decisions while the tag set remains not 
Void. 
0.192 Firstly, the discrimination algorithm can identify a 
new subset to be part of the selected partition. The discrimi 
nation algorithm creates the Subset accordingly with the not 
yet allocated tagged items and its adjacent tagged items. 
0193 Secondly, the discrimination algorithm can add a 
not yet allocated tagged item with their associated adjacent 
tagged items to an existing Subset. 
0194 It is to be noted that depending on the amount of 
adjacent tagged items assigned to a tagged item, the dis 
crimination algorithm can either create a new Subset to be 
included in the partition or enrich an existing one. 
0.195. In specific situation, when a tagged item meets 
multiple partitions then the discrimination algorithm is able 
to determine automatically the adequate partition for assign 
ing the tagged item. 
0196. As already mentioned, the discrimination algo 
rithm firstly starts a polling cycle for calibrating the Appli 
cation Controller and instructs the Reader for screening the 
tagged items. Once the Application Controller has identified 
and acquired the characteristics of the tagged items then the 
discrimination algorithm is able to run and the process goes 
to step 802. 
(0197) Step 802: (Process initialization). The discrimina 
tion algorithm initializes the Application Controller and 
prepares the system for splitting a tagged item population 
into several distinct partitions, each partition containing a set 
of tagged items (TS) with multiple subsets (SS). The Appli 
cation Controller provides the discrimination algorithm with 
the amount of (i.e., number of) items in the set of tagged 
items (TS). The amount of items in the set of tagged items 
(TS) is a function of the tagged item population and a 
determination of a maximum number of allowed partitions 
at the Supply chain configuration step (not shown here). In 
addition, the Application Controller determines the number 
of subsets (SS) to be assembled within one set of tagged 
items. The number of subsets (SS) depends on the tagged 
item population, the maximum number of Subsets allowed 
by the system, and the maximum separating distance 
between the Subsets when arranged in the same set of tagged 
items (TS). Furthermore, the maximum number of subsets 
(SS) allowed is a function of the size of the set of tagged 
items (TS). Once, the discrimination algorithm has deter 
mined both the set of tagged items (TS) and the subsets (SS) 
then the process goes to step 804. 
0198 Step 804: (Tagged Item acquisition). The discrimi 
nation algorithm interprets the information stored in the 
tagged items through the Application Controller by looping 
on each tagged item. By iteration of the loop, the discrimi 
nation algorithm identifies the tagged items that match the 
screening criteria as preliminary defined when configuring 
the Application Controller. Such screening criteria are the 
distance limitation or/and the reader range or/and other 
parameters that inform the Application Controller about 
tagged item geographical characteristics. From the collected 
information, the discrimination algorithm is able to sort the 
tagged items and to label them accordingly. Thereby, each 
individual tagged item can be aggregated in a convenient 
way to be included into the adequate set of tagged items 
(TS). Then the process goes to step 806. 
(0199 Step 806: (Central Tagged Item identification). By 
exploiting the geographical characteristics in conjunction 
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with the reader range, the discrimination algorithm deter 
mines the position of each adjacent tagged item with refer 
ence to each individual tagged item that is located within the 
area and/or Volume of measurement, previously defined 
during the configuration step. The discrimination algorithm 
scans the tagged items, one after the other, for evaluating the 
number of adjacent tagged items that are located around 
each tagged item taken individually. Then the process goes 
to step 808. 
0200 Step 808: A status determines the completion of the 
identification of the central tagged item. According to the 
status, the discrimination algorithm stops the Scanning pro 
cess within the area or Volume as soon as an identification 
of a particular tagged item that has a maximum of adjacent 
tagged items populated around occurs. Then the process 
goes to step 810 (branch Yes of the comparator 808); 
otherwise the discrimination algorithm continues the scan 
ning process (Branch No of the comparator 808) and the 
process loops back to step 806. 
0201 Step 810: (Subset instantiation). The discrimina 
tion algorithm gets the information related to each central 
tagged item with its associated adjacent tagged items. Then, 
the discrimination algorithm selects either a portion of or the 
entire population of the adjacent tagged items by outlining 
a virtual boundary range around the selected central tagged 
item that defines a subset (SS). It is to be noted that, the 
virtual boundary range can be adjusted at the configuration 
step allowing the Reader to collect the tagged items at the 
Various radius parameter settings. Consequently, the System 
creates and instantiates a Subset of adjacent tagged items that 
is associated to a central tagged item and the process goes to 
step 812. 
0202 Going now to step 812, a status determines the 
completion of the subset (SS) instantiation within the par 
tition containing some sets of tagged items (TS). Based on 
the status, the discrimination algorithm stops after the 
instantiation process that runs within the area or Volume of 
measurement detects the final central tagged item. Thus, 
several Subsets (SS) are identified according to the screening 
criteria. Each Subset (SS) contains a central tagged item with 
the addition of a population of adjacent tagged items located 
around in the same vicinity. Then the process goes to step 
814 (Branch Yes of the comparator 812); otherwise the 
subset instantiation is not complete (Branch No of the 
comparator 812) and the process loops back to step 810. 
0203 Step 814: A detection of any of the potential 
missing tagged items is performed at step 814 of the 
discrimination algorithm. In order to reduce the miss rate of 
the tagged item discrimination, the radius of the Reader 
range is configured for satisfying a maximum area and/or 
volume of measurement. However, due to the intrinsic 
rounding coverage of the emitted radiation of the Reader, 
Some distant tagged items that are out of the radius range can 
be missed during the Subset instantiation. Consequently, the 
discrimination algorithm uses the information of the tagged 
items previously gathered for initiating the detection of the 
presence of a missing tagged item. Thus, the discrimination 
algorithm gets the geographical characteristics of tagged 
items already assigned within a Subset (SS) and generates a 
virtual boundary range that will serve afterwards as a 
secondary reference when initiating the distance measure 
ment of the missing tagged items. Then a status determines 
the presence of a potential missing tagged item that is out of 
the virtual boundary range. If a missing tagged item is 
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detected then the process goes to step 816 (branch Yes of the 
comparator 814); otherwise there exist no missing tagged 
items anymore (branch No of the comparator 814) and the 
process goes to step 818. 
0204 Going now to step 816, a status determines that a 
missing tagged item can be added to an existing Subset of 
tagged items (SS), or not, by the use of the virtual boundary 
range. According to the status, the discrimination algorithm 
identifies a missing tag that can be a candidate to be included 
within an existing Subset of tagged items (SS). Then, the 
discrimination algorithm initiates the Reader for screening 
the missing tagged items and getting their geographical 
characteristics. Consequently, the discrimination algorithm 
determines the separating distance with the aforementioned 
virtual boundary range. Thereby, the discrimination algo 
rithm identifies which of the distant tagged items that are 
missed during the Subset instantiation can be added into an 
existing Subset. It is to be noted that the maximum distance 
allowed for determining a separating distance of a missing 
tagged item with the virtual boundary range is a constraint 
that is defined during the configuration step within the 
Application Controller. If the discrimination algorithm 
determines that a missing tagged item is over of a specified 
threshold distance representing the maximum distance 
allowed, then a new subset (SS) is created for receiving the 
aforementioned missing tagged item (Branch No of the 
comparator 816); the missing tagged items is therefore 
considered as a new central tagged item and the process goes 
to step 806. Otherwise, the separating distance between the 
missing tagged item and the virtual boundary range of the 
selected subset of tagged items (SS) does not exceed the 
maximum distance allowed (Branch Yes of the comparator 
816); then the missing tagged item is added into the existing 
subset (SS) and the process goes to step 810. 
0205 Step 818: (Discrimination completion). The dis 
crimination algorithm is complete. The Reader is able to 
identify a tagged item population that is aggregated into 
multiple Subset of tagged items (SS) within a set of tagged 
items (TS) in a partition of the packaging Supply chain. 
0206 Going now to FIG. 9, a symbolic representation of 
a split of an initial set of tagged items (FIG. 9A) into four 
subsets (FIG. 9B) is shown. 
0207 As explained before, the discrimination algorithm 
considers a population of tagged items that need to be 
respectively aggregated in multiple Subsets. Each Subset is a 
part of a set of tagged items that belongs to a partition in the 
packaging Supply chain. Thereby, the Reader can easily read 
a group of tagged items that are located in the same vicinity 
within a subset with no risk of collision with the other 
adjacent Subsets. 
0208 FIG. 9A illustrates a set representing a pallet that is 
populated with tagged items. In the following example, 80 
tagged items (grey dots) are identified in the initial set. The 
set of the tagged items is arranged in four distinct Subsets. 
Each Subset represents a box containing several tagged 
items. By running the discrimination algorithm, each Subset 
is respectively instantiated as NE (North East), NW (North 
West), SE (South East) and SW (south West), representing 
four geographical orientations shown on FIG. 9B. 
0209 Thus, FIG.9B illustrates different cases for which 
the discrimination algorithm operates when sorting the 
tagged items according to the screening criteria as defined 
during the configuration step. 
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0210. As described before with reference to FIG. 8, the 
discrimination algorithm first determines the central tagged 
item Tio that has the maximum of adjacent tagged items 
populated around. For the purpose of the illustration and the 
sake of clarity, each central tagged item within its current 
subset (NE, NW, SE and SW) is highlighted by a bold 
ellipse, while the adjacent tagged items are the free dots. 
0211 Next in the discrimination process, the missing 
tagged items are searched, and are illustrated on FIG.9B by 
simple circle around dots. A missing tagged item is a tagged 
item that is not considered as an adjacent tagged item having 
a central tagged item. In Such a situation, the discrimination 
algorithm operates by considering the missing tagged item 
as adjacent to an adjacent tagged item and therefore checks 
the separating distance in between. If the discrimination 
algorithm determines that a missing tagged item is over a 
predetermined maximum distance from the adjacent tagged 
item, then the missing tagged item is considered as being 
located to another subset and a new subset (SS) is created for 
receiving the aforementioned missing tagged item, as 
pointed by the arrow Tag added to a new subset in screen 
SW of FIG. 9B. Otherwise, the discrimination algorithm 
adds the missing tagged items into the adequate Subset (SS). 
0212 Finally, it has to be appreciated that while the 
invention has been particularly shown and described with 
reference to a preferred embodiment, various changes in 
form and detail may be made therein without departing from 
the spirit, and scope of the invention. Particularly, the 
discrimination algorithm may be implemented using various 
computation variables. One preferred implementation is 
provided in FIG. 10. The algorithm is run by the Reader to 
analyze the information collected from all the different tags, 
and to build a partition of tag set TS={T}, where T, 
represents a tag with index i varying between the values 1 
and N. This partition corresponds to a collection of subsets 
SS where k varies between 1 and the maximal value of N. 
The algorithm runs as a loop while the tag set TS remains not 
void. For each loop iteration, the algorithm either detects a 
new Subset SS, with members T, and its neighbors; or 
adds new members T, and its neighbors to an already defined 
Subset Ss. 
0213. The criteria used to identify the best tag candidate 
for either creating a new Subset or for expanding an already 
defined Subset, corresponds to the number of tag neighbors. 
In this particular example where several tags have a neigh 
bor set with the highest size, then an embodiment of the 
present invention selects randomly one of these tags. 
0214. However, in an alternate embodiment, the algo 
rithm may discard these tags in the current loop step, and 
works on the ones showing the immediately largest neighbor 
population. 
0215 Thus the present invention provides a method for 
dividing a set of tagged items into Subsets, the Subsets being 
established as described supra in conjunction with step 802 
of FIG. 8. Each tagged item is tagged with a passive Radio 
Frequency Identification (RFID) tag. The set of tagged items 
is located in a specified region having fixed boundaries, such 
as the region consisting of stocking environment 604 of FIG. 
6 or the region consisting of the pallet of tagged items in 
FIG. 9A. The region may be entirely within a communica 
tion range (Rrange) of a RFID reader. For example, in one 
embodiment the stocking environment 604 of FIG. 6 is 
within the communication range (Rrange) of the RFID 
reader 602. In accordance with the polling cycle described 
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supra as occurring before implementation of step 802 of 
FIG. 8, the RFID reader is instructed to poll the RFID tags 
of all tagged items in the region to generate information 
comprising, for each tagged item in the region, a spatial 
location of each tagged item and a list of all other tagged 
items in the region which are adjacent to each tagged item 
by being within a specified constant distance (Rlimit) from 
each tagged item. The region is split into a plurality of 
subregions for defining at least one subset of the set of 
tagged items, such as the subregions denoted as NE, NW, 
SE, and SW in FIG. 9B. For each subregion, the method 
determines a central tagged item having more adjacent 
tagged items in each subregion than any other tagged item 
in each subregion, in accordance with the procedures for 
determining central tagged items described supra in con 
junction with steps 806 and 808 of FIG. 8, said procedures 
utilizing the generated information. A virtual boundary is 
outlined around the central tagged item to enclose the central 
tagged item and a portion of the tagged items in each 
subregion which are adjacent to the central tagged item by 
being within the specified constant distance (Rlimit) of the 
central tagged item, said virtual boundary defining a Subset 
of the set of tagged items for each subregion as comprising 
the central tagged item and all other tagged items within the 
virtual boundary, said portion of the tagged items in each 
subregion consisting of all, or less than all, tagged items 
which are adjacent to the central tagged item in each 
subregion, as described supra in conjunction with step 810 
of FIG. 8. 

0216) In a particular embodiment, the portion of the 
tagged items in a first subregion of the plurality of Subre 
gions consist of less than all tagged items which are adjacent 
to the central tagged item in the first subregion.herein the 
first subregion comprises an outer tagged item that is not 
within the virtual boundary and is not adjacent to the central 
tagged item in the first subregion. Then a first distance is 
determined between the outer tagged item and the virtual 
boundary and it is ascertained whether the first distance 
exceeds a specified threshold distance. If the first distance is 
ascertained to exceed the specified threshold distance, then 
a new subset of the set of tagged items is created and the 
outer tagged item is designated as a central tagged item of 
the new subset. If the first distance is ascertained to not 
exceed the specified threshold distance, then the outer 
tagged item is added to the subset defined by the virtual 
boundary in the first subregion. The preceding particular 
embodiment is described supra in conjunction with step 816 
of FIG. 8. 

0217 While particular embodiments of the present 
invention have been described herein for purposes of illus 
tration, many modifications and changes will become appar 
ent to those skilled in the art. Accordingly, the appended 
claims are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this 
invention. 

What is claimed is: 

1. A method for dividing a set of tagged items into subsets, 
said method comprising: 

splitting, by a processor of a computer system, a region 
into a plurality of non-overlapping Subregions such that 
the region consists of the non-overlapping subregions 
collectively, said region having fixed boundaries and 
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comprising the set of tagged items, each Subregion 
comprising at least one tagged item of the set of tagged 
items; 

said processor determining which tagged item in each 
subregion is a centered tagged item, said determining 
which tagged item in each subregion is the centered 
tagged item comprising utilizing information to deter 
mine that the centered tagged item in each subregion 
has more adjacent tagged items in the subregion con 
taining the centered tagged item than does each other 
tagged item in the subregion containing the centered 
tagged item, wherein the information comprises, for 
each tagged item in the region, a spatial location of 
each tagged item and a list of all other tagged items in 
the region which are adjacent to each tagged item by 
being within a specified constant distance (Rlimit) from 
each tagged item, wherein said utilizing the informa 
tion to determine each centered tagged item comprises 
utilizing the spatial location of each tagged item in the 
subregion containing the centered tagged item and the 
list of all other tagged items in the subregion containing 
the centered tagged item which are adjacent to each 
tagged item in the subregion containing the centered 
tagged item by being within the specified constant 
distance (Rlimit) from each tagged item in the subre 
gion containing the centered tagged item; 

said processor selecting the centered tagged item in each 
subregion as a central tagged item for each subregion; 
and 

said processor outlining a virtual boundary around the 
central tagged item to enclose the central tagged item 
and a portion of the tagged items in each subregion 
which are adjacent to the central tagged item by being 
within the specified constant distance (Rlimit) of the 
central tagged item, said virtual boundary defining a 
subset of the set of tagged items for each subregion as 
comprising the central tagged item and all other tagged 
items within the virtual boundary, wherein the portion 
of the tagged items in each subregion consists of all, or 
less than all, tagged items which are adjacent to the 
central tagged item in each subregion. 

2. The method of claim 1, wherein the portion of the 
tagged items in each subregion consist of all tagged items 
which are adjacent to the central tagged item in each 
Subregion. 

3. The method of claim 1, wherein the portion of the 
tagged items in a first subregion of the plurality of Subre 
gions consist of less than all tagged items which are adjacent 
to the central tagged item in the first Subregion. 

4. The method of claim 3, wherein the first subregion 
comprises an outer tagged item that is not within the virtual 
boundary and is not adjacent to the central tagged item in the 
first subregion, and wherein the method further comprises: 

determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance exceeds a specified 
threshold distance; 

responsive to said ascertaining, creating a new subset of 
the set of tagged items and designating the outer tagged 
item a central tagged item of the new subset. 

5. The method of claim 3, wherein the first subregion 
comprises an outer tagged item that is not within the virtual 
boundary and is not adjacent to the central tagged item in the 
first subregion, and wherein the method further comprises: 
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determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance does not exceed a 
specified threshold distance: 

responsive to said ascertaining, adding the outer tagged 
item to the subset defined by the virtual boundary in the 
first Subregion. 

6. The method of claim 1, wherein each tagged item of the 
set of tagged items is tagged with a passive Radio Frequency 
Identification (REID) tag, wherein the region is entirely 
within a communication range (Rrange) of the RFID reader, 
and wherein the method further comprises: 

said processor instructing RFID reader to poll the RFID 
tags of all tagged items to the generate the information. 

7. The method of claim 6, wherein the method comprises: 
said RFID reader polling the RFID tags of all tagged items 

in the region, wherein said polling comprises sending 
an identification request to the RFID tags of each 
tagged item in the region, and wherein the identifica 
tion request comprises an identifier of the REID tag to 
which each identification request is sent, a distance 
between the RFID reader and the RFID tag to which 
each identification request is sent, and the specified 
constant distance (Rlimit). 

8. The method of claim 7, wherein the said polling 
comprises the RFID reader transmitting a polling command 
addressed to a passive RFID tag B in the region, and wherein 
the method further comprises: 

a passive RFID tag. A receiving the polling command 
previously transmitted from the RFID reader and 
addressed to the passive RFID tag. B; 

said RFID tag. A determining that the polling command is 
not addressed to the RFID tag A: 

in response to the RFID tag. A determining that the polling 
command is not addressed to the RFID tag A, at a time 
t1 said RFID tag. A switching the RFID tag. A to a 
catching mode configured to catch echos from other 
tags. 

said RFID tag. A receiving at a time t3 an echo of a 
message sent by the RFID tag B to the RFID reader in 
response to the polling command received by the RFID 
tag B at a time t2, wherein the echo comprises an 
identification of the RFID tag B, and wherein t3>t2>t1; 

said RFID tag. A determining a distance (D.t2t) between 
the RFID tag A and the RFID tag B based on a total 
timing (TT) equal to t3 minus t1; 

said RFID tag A ascertaining that the distance D.t2t does 
not exceed a radius limit consisting of the specified 
constant distance (Rlimit); and 

responsive to said ascertaining, said RFID tag storing the 
identification of the RFID tag Band the distance D.t2t 
in a database within the RFID tag A. 

9. The method of claim 8, wherein the method further 
comprises: 

at a time later than the time t3, said RFID tag. A sending 
an identification message to the RFID reader, wherein 
the identification message includes an identifier of the 
RFID tag A, a distance between the UM tag A and the 
RFID reader, the radius limit, the identification of the 
RFID tag B, and the distance D.t2t. 

10. The method of claim 8, wherein said determining the 
distance D.t2t comprises determining D.t2t according to: 
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wherein Ttrig is a specified delay that is not less than a Sum 
of a tag access time for reading the polling command and a 
granted time for processing the polling command, wherein 
TE.r2t.tagA is a time for the polling command to be trans 
mitted from the RFID reader to the RFID tag A, wherein 
TE.r2t.tagB is a time for the polling command to be trans 
mitted from the RFID reader to the RFID tag B, wherein the 
polling command comprises TE.r2t.tagB, and wherein C is 
the speed of light. 

11. A computer program product comprising a computer 
readable tangible storage device having computer readable 
program code embodied in the storage device, said program 
code executable on a processor of a computer system to 
perform a method for dividing a set of tagged items into 
Subsets, said method comprising: 

said processor splitting a region into a plurality of non 
overlapping Subregions such that the region consists of 
the non-overlapping Subregions collectively, said 
region having fixed boundaries and comprising the set 
of tagged items, each Subregion comprising at least one 
tagged item of the set of tagged items; 

said processor determining which tagged item in each 
Subregion is a centered tagged item, said determining 
which tagged item in each Subregion is the centered 
tagged item comprising utilizing information to deter 
mine that the centered tagged item in each Subregion 
has more adjacent tagged items in the Subregion con 
taining the centered tagged item than does each other 
tagged item in the subregion containing the centered 
tagged item, wherein the information comprises, for 
each tagged item in the region, a spatial location of 
each tagged item and a list of all other tagged items in 
the region which are adjacent to each tagged item by 
being within a specified constant distance (Rlimit) from 
each tagged item, wherein said utilizing the informa 
tion to determine each centered tagged item comprises 
utilizing the spatial location of each tagged item in the 
Subregion containing the centered tagged item and the 
list of all other tagged items in the Subregion containing 
the centered tagged item which are adjacent to each 
tagged item in the Subregion containing the centered 
tagged item by being within the specified constant 
distance (Rlimit) from each tagged item in the Subre 
gion containing the centered tagged item; 

said processor selecting the centered tagged item in each 
Subregion as a central tagged item for each Subregion; 
and 

said processor outlining a virtual boundary around the 
central tagged item to enclose the central tagged item 
and a portion of the tagged items in each Subregion 
which are adjacent to the central tagged item by being 
within the specified constant distance (Rlimit) of the 
central tagged item, said virtual boundary defining a 
Subset of the set of tagged items for each Subregion as 
comprising the central tagged item and all other tagged 
items within the virtual boundary, wherein the portion 
of the tagged items in each Subregion consists of all, or 
less than all, tagged items which are adjacent to the 
central tagged item in each Subregion. 

12. The computer program product of claim 11, wherein 
the portion of the tagged items in each Subregion consist of 
all tagged items which are adjacent to the central tagged item 
in each Subregion. 
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13. The computer program product of claim 11, wherein 
the portion tagged items in a first Subregion of the plurality 
of Subregions consist of less than all tagged items which are 
adjacent to the central tagged item in the first Subregion. 

14. The computer program product of claim 13, wherein 
the first Subregion comprises an outer tagged item that is not 
within the virtual boundary and is not adjacent to the central 
tagged item in the first Subregion, and wherein the method 
further comprises: 

determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance exceeds a specified 
threshold distance; 

responsive to said ascertaining, creating a new Subset of 
the set of tagged items and designating the outer tagged 
item a central tagged item of the new Subset. 

15. The computer program product of claim 13, wherein 
the first Subregion comprises an outer tagged item that is not 
within the virtual boundary and is not adjacent to the central 
tagged item in the first Subregion, and wherein the method 
further comprises: 

determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance does not exceed a 
specified threshold distance: 

responsive to said ascertaining, adding the outer tagged 
item to the subset defined by the virtual boundary in the 
first Subregion. 

16. A computer system comprising a processor and a 
computer readable tangible storage device having computer 
readable program code embodied in the storage device, said 
program code executable on the processor to perform a 
method for dividing a set of tagged items into Subsets, said 
method comprising: 

said processor splitting a region into a plurality of non 
overlapping Subregions such that the region consists of 
the non-overlapping Subregions collectively, said 
region having fixed boundaries and comprising the set 
of tagged items, each Subregion comprising at least one 
tagged item of the set of tagged items; 

said processor determining which tagged item in each 
Subregion is a centered tagged item, said determining 
which tagged item in each Subregion is the centered 
tagged item comprising utilizing information to deter 
mine that the centered tagged item in each Subregion 
has more adjacent tagged items in the Subregion con 
taining the centered tagged item than does each other 
tagged item in the Subregion containing the centered 
tagged item, wherein the information comprises, for 
each tagged item in the region, a spatial location of 
each tagged item and a list of all other tagged items in 
the region which are adjacent to each tagged item by 
being within a specified constant distance (Rlimit) from 
each tagged item, wherein said utilizing the informa 
tion to determine each centered tagged item comprises 
utilizing the spatial location of each tagged item in the 
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Subregion containing the centered tagged item and the 
list of all other tagged items in the Subregion containing 
the centered tagged item which are adjacent to each 
tagged item in the Subregion containing the centered 
tagged item by being within the specified constant 
distance (Rlimit) from each tagged item in the Subre 
gion containing the centered tagged item; 

said processor selecting the centered tagged item in each 
Subregion as a central tagged item for each Subregion; 
and 

said processor outlining a virtual boundary around the 
central tagged item to enclose the central tagged item 
and a portion of the tagged items in each Subregion 
which are adjacent to the central tagged item by being 
within the specified constant distance (Rlimit) of the 
central tagged item, said virtual boundary defining a 
Subset of the set of tagged items for each Subregion as 
comprising the central tagged item and all other tagged 
items within the virtual boundary, wherein the portion 
of the tagged items in each Subregion consists of all, or 
less than all, tagged items which are adjacent to the 
central tagged item in each Subregion. 

17. The computer system of claim 16, wherein the portion 
of the tagged items in each Subregion consist of all tagged 
items which are adjacent to the central tagged item in each 
Subregion. 

18. The computer system of claim 16, wherein the portion 
of the tagged items in a first Subregion of the plurality of 
Subregions consist of less than all tagged items which are 
adjacent to the central tagged item in the first Subregion. 

19. The computer system of claim 18, wherein the first 
Subregion comprises an outer tagged item that is not within 
the virtual boundary and is not adjacent to the central tagged 
item in the first subregion, and wherein the method further 
comprises: 

determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance exceeds a specified 
threshold distance; 

responsive to said ascertaining, creating a new Subset of 
the set of tagged items and designating the outer tagged 
item a central tagged item of the new Subset. 

20. The computer system of claim 18, wherein the first 
Subregion comprises an outer tagged item that is not within 
the virtual boundary and is not adjacent to the central tagged 
item in the first subregion, and wherein the method further 
comprises: 

determining a first distance between the outer tagged item 
and the virtual boundary; 

ascertaining that the first distance does not exceed a 
specified threshold distance: 

responsive to said ascertaining, adding the outer tagged 
item to the subset defined by the virtual boundary in the 
first Subregion. 


